The main issue faced when manufacturing a high-accuracy large flat mirror is measurement accuracy. It is difficult to measure a large flat mirror because interferometers require light reflected from the test surface to be focused back into the instrument in order to analyze the wavefront. Since a flat surface has no power, it is difficult to measure unless the collimated beam from the interferometer and the reference optic are as large as the flat. For meter-class flat mirrors, the cost of this system quickly becomes prohibitive. Another issue that affects the production of these large mirrors is the inability to scale up standard fabrication techniques. For example, continuous polishing (CP) machines manufacture small flat mirrors economically. However, for meter-class mirrors, the CP process becomes less feasible because the tool diameter of a CP machine must be three times larger than the parts being produced. Overcoming these challenges will enable the manufacture of high-precision large flat mirrors for space-based and astronomical applications.
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The most accurate technique for measuring a large flat is the Fizeau test, 1 but this is cost prohibitive for flats ≥1m. On large flats this is usually done by testing subapertures and stitching the data together. While this method is accurate for measuring surface irregularities, it is not for low-order errors such as power and astigmatism. As an alternative, the Ritchey-Common test is sometimes used for large flats, 1 however this has limited accuracy and requires a spherical reference mirror larger than the flat being tested.
Facilities have traditionally used small tool polishing to produce flats that are too large for CP machines. 2 The limiting factor in this approach is that the polishing runs are guided by test data that, if inaccurate, make it impossible to produce a highprecision large flat mirror. In addition, the geometry of the polishing tool has a direct impact on the results. In the past, the tool geometry was driven by experience and empirical results, sometimes resulting in inconsistencies in performance. We have addressed these issues by developing a very accurate metrology system for measuring large flats and using software simulation to aid in our tool design.
Our testing method for large flats employs two instruments: we use a scanning pentaprism arrangement (see Figure 1) to measure low order errors and we use a large-aperture Fizeau interferometer (see Figure 2 ) to measure 1m subapertures in order to obtain surface irregularity data and other higher-order errors. 3, 4 The scanning pentaprism system measures low-order surface errors such as power, astigmatism, coma, and trefoil and spherical aberration. The measurements taken with the Fizeau interferometer are stitched together to yield the higher-order surface errors and irregularities. We combine the scanning pentaprism data with the sub-aperture Fizeau data to provide state-of-theart surface measurement accuracy for ultra-precise large flats.
The scanning pentaprism system allows us to characterize the residual power and lower-order errors to approximately 10nm root-mean-square (rms) accuracy. The stitched sub-aperture Fizeau data has uncertainty on the order of 3nm rms for a 2m-class flat. Using this metrology system to guide final figuring, large flats can be finished to a very high accuracy. At the University of Arizona, we have a significant heritage in tooling technology for fabricating large aspheres. We have developed specialized software that accurately simulates figuring runs for a given tool geometry, pressure, and other parameters (see Figure 3) . At the College of Optical Sciences, we successfully applied this technology to simulating polishing runs on large optical flats with small tools traditionally used on large aspheres. The simulations and actual results repeatedly matched within a few nanometers for 8h polishing runs at varying parameters on a 2m-class flat that we recently produced to <12nm rms figure error, including power and astigmatism.
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In conclusion, we have developed unique equipment and capabilities that enable us to manufacture extremely accurate 2m-class flats. Future developments will include the extension of capabilities for large computer-controlled polishing up to 4m diameters. This large machine capacity combined with advancements in high-accuracy metrology will enable us to efficiently produce large diameter flat mirrors for a variety of unique systems.
